Hydrocephalus in children has many aetiologies, and can cause multiple ophthalmic and visual disorders. This study sets out to detect and quantify visual and visuoperceptual dysfunction in children who have received surgical treatment for hydrocephalus with and without myelomeningocele, and to relate the results to the associated diagnoses and results from a comparison group. Seventy-five school-aged children (41 males, 34 females) with surgically-treated hydrocephalus and 140 comparison children (76 males, 64 females) matched for age and sex underwent comprehensive ophthalmologic examination. Median age at examination was 9 years and 4 months (range 7y 4mo-12y 10mo). Visual function deficits were identified in 83% (62/75) of the children with hydrocephalus. Visual impairment (binocular visual acuity <0.3) was found in 15% (11/73; comparison group 0%) but in none with myelomeningocele. Strabismus was found in 69% (51/74; comparison group 4% [5/140], p<0.001), and refractive errors were found in 67% (47/70; comparison group 20% [28/140], p<0.001). Cognitive visual dysfunction was identified in 59% (38/64; comparison group 3% [4/140], p<0.001). These disorders were identified in various combinations and comprised impaired ability to plan movement through depth (e.g. going down a stair), impaired simultaneous perception, impaired perception of movement, impaired orientation, and (least frequently) impaired recognition. In this study, children with hydrocephalus associated with myelomeningocele were least commonly affected. Visual disorders were most frequent in those with epilepsy, cerebral palsy, and/or cognitive disability.
Hydrocephalus in children has many aetiologies, and can cause multiple ophthalmic and visual disorders. This study sets out to detect and quantify visual and visuoperceptual dysfunction in children who have received surgical treatment for hydrocephalus with and without myelomeningocele, and to relate the results to the associated diagnoses and results from a comparison group. Seventy-five school-aged children (41 males, 34 females) with surgically-treated hydrocephalus and 140 comparison children (76 males, 64 females) matched for age and sex underwent comprehensive ophthalmologic examination. Median age at examination was 9 years and 4 months (range 7y 4mo-12y 10mo). Visual function deficits were identified in 83% (62/75) of the children with hydrocephalus. Visual impairment (binocular visual acuity <0.3) was found in 15% (11/73; comparison group 0%) but in none with myelomeningocele. Strabismus was found in 69% (51/74; comparison group 4% [5/140], p<0.001), and refractive errors were found in 67% (47/70; comparison group 20% [28/140] , p<0.001). Cognitive visual dysfunction was identified in 59% (38/64; comparison group 3% [4/140], p<0.001). These disorders were identified in various combinations and comprised impaired ability to plan movement through depth (e.g. going down a stair), impaired simultaneous perception, impaired perception of movement, impaired orientation, and (least frequently) impaired recognition. In this study, children with hydrocephalus associated with myelomeningocele were least commonly affected. Visual disorders were most frequent in those with epilepsy, cerebral palsy, and/or cognitive disability.
The incidence of hydrocephalus during the first year of life is approximately one in 1000 (Fernell et al. 1986 ). Treatment of hydrocephalus by ventriculoatrial shunting was introduced in the 1960s (Forrest and Cooper 1968) followed by ventriculoperitoneal shunting in the 1990s (Cinalli 1999) .
Ventricular dilatation with raised intraventricular and intracranial pressure results from untreated hydrocephalus or shunt dysfunction. Optic atrophy (OA) in hydrocephalus may result from optic nerve ischaemia, optic nerve or chiasmal traction, chiasmal compression, and transsynaptic neuronal degeneration (Moore 1990) . Shunt insertion may improve visual function, while visual dysfunction may be the first and only sign of shunt dysfunction (Gaston 1985 , Connolly et al. 1991 , Aoki et al. 1997 . The posterior visual pathways are close to the lateral ventricles and can be damaged by ventricular dilatation.
Hydrocephalus causes multiple ophthalmic abnormalities in children (Goddard 1965 , Lorber 1967 , Rabinowicz 1974 , Ghose 1983 , Zeiner et al. 1985 , Mankinen-Heikkinen and Mustonen 1987 , Biglan 1990 , Houliston et al. 1999 , Heinsbergen et al. 2002 including reduced visual acuity (VA), visual field defects, strabismus, disorders of ocular motility, and OA. Few studies have described visual perceptual problems (Miller and Sethi 1971 , Rabinowicz 1974 , Houliston et al. 1999 .
Cognitive visual problems were identified by structured history-taking in 27 out of 52 children with hydrocephalus, where impaired recognition, depth perception, orientation, motion perception, and simultaneous perception were identified (Houliston et al. 1999) . To our knowledge a population-based investigation including both visual and perceptual function has not hitherto been performed in such children. The aim of this study was, therefore, to assess visual and perceptual function and to relate the results to associated diagnoses in a population-based group of children with surgicallytreated hydrocephalus with and without myelomeningocele (MMC), and to compare the results with those of a healthy comparison group matched for age.
Participants
Inclusion criteria for the study population comprised a head circumference >2 standard deviation (SD) greater than body length, and enlarged ventricles present at birth or during the first year of life, necessitating surgery. Between 1989 and 1993, 103 children born in Sweden, in the counties of Västra Götaland, Halland, and Värmland, met these criteria. The prevalence was 0.9 per 1000 live births (0.6 per 1000 for hydrocephalus without MMC and 0.3 per 1000 for hydrocephalus with MMC; Persson et al. 2005) . Six children died shortly after surgery, and five underwent surgery elsewhere and were not included. Of the remaining 92 children, 15 declined and two had moved. Hence, 75 children (41 males, 34 females) of a median age of 9 years and 4 months (range 7y 4mo-12y 10mo) were included. Sex, rates of MMC, and prematurity did not differ between those examined and those not available.
Seventy-three children were examined by a neuropsychologist, 62 of whom underwent ophthalmic examination (Lindquist et al. 2005) .
Among those with hydrocephalus not associated with MMC, 33 out of the 47 (70%) children were born at term, while 14 out of 47 (30%) were born preterm (<37wks).
Six were born very preterm (<32wks). Twenty-three out of 28 children with MMC were born at term ( Table I ). The causes of hydrocephalus comprised MMC (n=47), intraventricular haemmorhage (n=18), malformations (n=20), and infection (n=4). The aetiology was unknown in five cases. COMPARISON GROUP One hundred and forty children without disability (76 males, 64 females), recruited from four different preschools/schools in the Göteborg area, aged 4 to 15 years, (mean 9y 10mo, mean gestational age 40wks [SD 1.6]; range 35-42wks) comprised the age-and sex-matched comparison group for ophthalmic assessment (Andersson Grönlund et al. 2006 ).
Method
Best corrected VA was tested with the KM-Books chart (Hedin and Olsson 1984) , an arithmetically based lettermatching chart with seven different letters (C, D, E, F, K, N, and V) of equal readability. Distance VA was tested binocularly at 3 metres with a linear chart and with single symbols to investigate for crowding. Near VA was tested binocularly with a linear KM-Books chart at 0.33 metres. The crowding ratio was determined by dividing the binocular single optotype VA by the binocular linear optotype VA. A crowding ratio of >2 was taken to indicate pathological crowding.
Significant refractive errors were defined as a spherical equivalent of myopia >0.5 dioptres (D), hyperopic >2.0 D, astigmatism >0.75 D, and anisometropia of >1.0 D. For cycloplegia, one drop of cyclopentolate (0.85%) and phenylephrine (1.5%) combined was employed 45 minutes before autorefraction (Topcon RM 8000B).
The visual fields were tested (uniocularly) by Goldmann perimetry. The V4e target was used to delineate the outer limits of the visual fields. Since visual field testing in young children is difficult to evaluate, only larger defects like hemior quadrantanopias were ascertainable.
Stereopsis was tested with the TNO test (March et al. 1980) . Normal stereo acuity was defined as 60 seconds of arc or less.
Cover and uncover tests were performed for near and distance fixation. Strabismus was defined as heterotropia, manifesting intermittently or constantly.
The anterior segments were examined by slit lamp and nystagmus was noted.
Indirect ophthalmoscopy and colour fundus photography were performed after pupil dilatation.
Results from the latest computed tomography (CT) head scans were divided into three groups regarding the degree of ventricular enlargement: normal, dilated, and collapsed.
The number of shunt revisions was obtained from the medical records. Visuoperceptual problems were identified by structured history-taking concerning five different functions, namely recognition (questions 1-4), orientation (questions 5-7), perception and movement through depth (question 8), perception of motion (questions 9-10), and simultaneous perception (questions 11-12; Houliston et al. 1999 ). The structured history-taking model, described by Houliston et al. (1999) was translated and revised. Three of the 75 children declined to take part in structured history-taking and eight were excluded because of low VA (<0.1). Therefore, 64 children participated.
The questions were asked of the children and their parents by the author (SA) in the form of a structured clinical history, giving the children and parents the opportunity to discuss the questions.
The potential responses comprised Never, Frequently, and Always. Problems reported to occur frequently or always were considered as indications of cognitive visual dysfunction.
NEUROPSYCHOLOGICAL TESTING
The Wechsler Intelligence Scale for Children-III (WISC-III; Wechsler 1991) developed for ages 6 to 16 years, and the Wechsler Preschool and Primary Scale of Intelligence-Revised (WPPSI-R; Wechsler 1992) for ages 3 to 7 years were used. For WISC-III the English 1992 normative data were used and for WPPSI-R the Swedish 1991 norms were employed. Griffiths Developmental Scales (Alin-Åkerman et al. 1980) were used for children with a developmental age below 3 years. A Full-scale IQ (FSIQ) <70 was considered as cognitive disability. Fifteen or more IQ points difference between Verbal IQ (VIQ) and Performance IQ (PIQ) was considered to confer an uneven cognitive profile (Gyurke et al. 1991) . Sixty-two of the 73 children examined by a neuropsychologist were examined by the ophthalmologist.
The study was approved by the ethics committee of Göteborg University and parental consent was obtained.
STATISTICAL METHODS
For descriptive purposes, means, SD, median, and range were determined. For comparisons between two groups, the Mann-Whitney U test was used for ordered and continuous variables. Fisher's exact test was used for dichotomous variables. All tests were two-tailed and conducted at the 5% significance level. Relative risks (RR) with 95% confidence limits were also calculated for descriptive purposes.
Results
In total, 83% of the children with treated hydrocephalus manifested ophthalmologic abnormalities. Table II shows the results of VA, refraction, strabismus, stereopsis, and visuoperceptual problems for the children with hydrocephalus (n=75), with or without associated MMC and for the children in the comparison group (n=140). None of the children born preterm had retinopathy of prematurity. The results of the ophthalmological examination did not differ within the group of children without associated MMC.
VISUAL ACUITY
The VA was measured with best correction binocularly. Sixtyseven children cooperated with VA testing. Four were visually impaired, with a VA of <0.3 (World Health Organization 1977) . All children with visual impairment and those who could not be tested belonged to the non-MMC group. Six out of the seven children who could not be tested with the letter chart could fixate on and follow a light; one child did not fixate on a light. All seven children had profound disabilities and visually impairment. Thus, 11 children (15%) had visual impairment.
A mildly reduced VA (0.3-0.8) was found in 25 out of the 74 (34%) children who cooperated on visual acuity testing. All children with MMC could participate in VA testing and none had a VA of <0.4. Five of the 10 children with OA had a VA of ≤0.5.
VA with single optotypes was tested in 30 out of the 34 children with linear VA ≤0.8. Eight had a better VA (two lines or more) with single than with linear optotypes, three of whom reported difficulties with simultaneous perception.
Children with associated cerebral palsy (CP) or epilepsy had a high RR of being visually impaired (RR 20, RR 9 respectively) compared with those without CP or epilepsy.
MORPHOLOGY
Sixty-nine children cooperated on slit-lamp examination and all had a normal result. OA was present in 10 (14%) children. NEUROSURGERY Seventy-two of the 75 children had CT scans, showing persistent enlargement of the lateral ventricles in 29 children, and collapsed lateral ventricles in 15 children. VA (median) among the children with persistent enlargement or collapsed ventricles was lower than for the remainder (0.65, 0.65, and 0.9 respectively) but this was not significant. The median number of shunt revisions was two (range 0-11). There was no correlation between the number of revisions and VA.
REFRACTION
Significant refractive errors were present in 67% of those with hydrocephalus compared with 20% in the comparison group. Hyperopia was found in 46% of the children with hydrocephalus (comparison group 9%, p<0.001), myopia in 10% (comparison group 5%, ns), and astigmatism in 50% (comparison group 22%, p<0.001).
STRABISMUS AND NYSTAGMUS
Strabismus was present in 69% of the children with hydrocephalus (comparison group 4%, p<0.001). Esotropia was found in 26 (one of whom had initially been esophoric) and exotropia in 21 (four of whom were initially esotropic, one had had strabismus surgery, two had spontaneously become exotropic, and one had an acquired third-nerve palsy following complications at shunt revision). Four children had dyskinetic heterotropia (interchangeably eso-and exotropia).
Children with hydrocephalus and associated CP or epilepsy had a high RR of having strabismus (RR 5, RR 8 respectively) compared with those without CP or epilepsy.
Normal Visual field assessment was performed in 52 of the 75 children who underwent detailed ophthalmological examination. Nine showed homonymous field defects. One had hemianopia, five had quadrantanopia, and three showed lower field impairment (two of whom showed excavated optic discs). Four out of the six children with visual field defects also had impaired VA.
VISUAL PERCEPTION: STRUCTURED HISTORY-TAKING
Combinations of impaired recognition, orientation, depth perception, motion perception, and simultaneous perception (median 3, range 1-5) were described in 59% of the 64 children (3% of the comparison group, p<0.001). Depth perception and the ability to plan motion through depth (n=28) was the area of visual perception in which problems were most frequently reported, followed by simultaneous perception (n=26), motion perception (n=26), orientation (n=22), and recognition (n=6). Thirty-one of the 38 children with visuoperceptual problems had difficulties in more than one area.
OCULAR FINDINGS IN RELATION TO AETIOLOGY AND ASSOCIATED

DIAGNOSES
Visuoperceptual difficulties were more frequently found in children with low VA (p=0.002), in children with strabismus (p=0.002), and in children with nystagmus (p=0.002) but were also found among the children with normal VA (≥0.8).
Of the children with hydrocephalus and a VA ≥0.8, 36% manifested visuoperceptual problems.
Children with additional diagnoses, such as CP and epilepsy, manifested higher frequencies of visuoperceptual problems (p=0.04, RR and p=0.002 respectively), with more visuoperceptual problems with each additional diagnosis (p=0.04). Table III relates ocular findings to associated diagnoses.
Among children with FSIQ <70, a large proportion had low VA, nystagmus, and strabismus. Children with an uneven IQ profile had as many visuoperceptual problems and ocular findings as the children with IQ <70, although only three of these 22 children had a cognitive disability. Among the children with FSIQ ≥70 (n=39) there were reports of visuo-perceptual difficulties in all five areas. The children with FSIQ of 70 to 85 and those with FSIQ of >85 IQ points showed no significant difference in visual perception.
Among the children with hydrocephalus, with normal stereopsis (60"), VA (0.8), and no strabismus (n=18), there were five children (27%) who had visuoperceptual problems in the areas of orientation and planning motion through threedimensional space.
A significant positive correlation was found between the number of shunt revisions and the frequency of visual perceptual problems (p=0.008).
A positive correlation was also seen between the results of the structured history-taking protocol and the difference between VIQ and PIQ (VIQ-PIQ ≥15 IQ points; p=0.02).
Discussion
Reduced binocular VA was observed in almost half the study population. Altogether, 15% had visual impairment (VA <0.3) compared with 0.11% in the Swedish paediatric population, constituting more than a hundredfold greater prevalence of visual impairment (Blohme and Tornqvist 1997) . Children with MMC had a better visual outcome than those without MMC.
It is difficult to compare our results with earlier studies because of differences in the age at treatment, examination methodologies, and aetiology of hydrocephalus. Concerning VA, Heinsbergen et al. (2002) report severe visual impairment (VA <0.3) in 14 out of 110 (13%) children with hydrocephalus, which accords with our findings. By comparison, Rabinowicz (1974) reports a higher incidence of 24%. Biglan (1990) showed an incidence of 5% of VA between 0.2 and 0.4 in children with MMC-associated hydrocephalus. This compares with only one out of 28 children having a VA <0.4 and none being worse than 0.4 in our study population. The lower prevalence of visual impairment in later studies may relate to early diagnosis and improved treatment.
We found no relationship between VA and the number of shunt revisions (or ventricular size), consistent with the findings by Heinsbergen et al. (2002) . Early treatment of raised intracranial pressure is probably the principal factor in preventing OA. We found OA in 14% of participants examined, which is a lower frequency than earlier studies with frequencies varying between 17% and 29% (Rabinowicz 1974 , Ghose 1983 , Gaston 1985 , Biglan 1990 .
Refractive error was common in the group of children with hydrocephalus (67%), with significant hyperopia being more common (46%) than in the comparison group (9%). In contrast, Mankinen-Heikkinen and Mustonen (1987) report 20% hyperopia, 13% myopia, and 25.5% astigmatism, while Biglan (1990) reports 13.8% astigmatism but does not report the frequency of hyperopia nor myopia. Hyperopia is more common in children with brain pathology (Saunders et al 2002) . The cause remains obscure. Impaired emmetropisation related to abnormal visual input and processing is a potential contributory factor. The frequency of strabismus (69%) in the present study is the highest reported. Previous studies have reported frequencies varying between 42% and 61% (Rabinowicz 1974 , Gaston 1985 , Mankinen-Heikkinen and Mustonen 1987 , Biglan 1990 ). This discrepancy may be explained in part by differences in orthoptic examinations (Aring et al. Forthcoming) .
We found no significant difference in visual outcome in relation to ventricular size. Few reports describe visual problems due to cognitive dysfunction in children with shunted hydrocephalus. Rabinowicz (1974) describes difficulties in figure-ground discrimination, shape recognition, figure completion, and reverse orientation. Donders et al. (1991) describe better VIQ than PIQ results in 30 children with hydrocephalus and FSIQs <70.
In the present study, visuoperceptual problems were reported in 59% of affected children resembling the results of Houliston et al. (1999) . A normal VA and even normal stereopsis do not preclude severe visuoperceptual problems which affected 36% of the children with normal VA (≥0.8).
Additional diagnoses, such as CP and epilepsy, conferred higher frequencies of visuoperceptual problems, as did low VA, nystagmus, and strabismus.
A correlation was found between the results of structured history-taking and the VIQ/PIQ difference (p=0.02). Interestingly, the children with an uneven IQ profile had as many ocular abnormalities and visuoperceptual problems as the children with cognitive disability. Our structured history-taking findings resemble those of Dutton et al. (2003) , who reported 52 children in whom damage to the brain caused a common symptom complex affecting vision. The majority manifested lower visual field loss, and dorsal stream problems, comprising impaired ability to execute visually guided movement, impaired simultaneous perception, and impaired perception of movement. Many of the children in our study reported difficulties in estimating the height and position of steps (44%), difficulties following a moving object (41%), and impaired simultaneous perception (41%). We found a lower frequency of lower visual field defects but this may be explained by the difficulties performing Goldmann visual field testing, as used in this study. A total of 34% of the children in our study manifested problems with orientation. This may partly be explained by impairment of simultaneous perception, causing difficulties interpreting a visually complex environment. Ventral stream dysfunction, causing topographic agnosia, could also contribute in some cases.
Damage to periventricular white matter, for example in periventricular leukomalacia, gives rise to lower visual-field impairment and dorsal, and (more rarely) ventral stream dysfunction (Dutton et al. 2003) . Dorsal stream dysfunction is characterized by difficulty identifying information within a complex visual scene and impaired visually guided movement. Ventral stream dysfunction gives rise to impaired recognition of people and objects. The fact that such symptom complexes were identified in a significant proportion of children with hydrocephalus suggests that these symptoms may be related to damage to periventricular white matter in hydrocephalus. It is important to identify such visual dysfunction in children with hydrocephalus, in order to make provision for appropriate intervention and to ensure the provision of appropriate educational resources.
Hydrocephalus causes multiple impairments of brain function and the visual system is commonly affected. Vision is fundamental to childhood development, as it is required for access to information, social interaction, and mobility. The patterns of perceptual and cognitive visual dysfunction due to hydrocephalus are different for each child. A clinical strategy is required for each individual, which characterizes the nature and degree of visual dysfunction and determines the optimum strategies to work round the problems elicited, in order to minimize educational and social disadvantage. 
